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LIGHT ENGINE FRAME WITH
INTEGRATED BAFFLE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a divisional of U.S. patent

application Ser. No. 15/066,662 entitled LIGHT ENGINE
FRAME WITH INTEGRATED BAFFLE”, filed on Mar. 10,
2016. U.S. patent application Ser. No. 15/066 662 claims
priority to U.S. Provisional Application No. 62/139,550,
entitled “LIGHT ENGINE FRAME WITH INTEGRATED
BAFFLE,” filed on Mar. 27, 20135. The entire contents of the
above-identified applications are hereby incorporated by
reference for all purposes.

BACKGROUND/SUMMARY

Solid-state lighting devices have many uses 1n industrial
applications. For example, in printer and coating applica-
tions, solid-state lighting devices are typically used to cure
photo sensitive material such as coatings, including inks,
adhesives, preservatives, etc. In these applications, the light
curable material 1s dispensed/printed onto a surface via a
dispensing/printing mechamism and the light output from
solid-state lighting devices 1s directed towards the substrate
or material to be cured with the aid of coupling optics. The
coupling optics including rod lens, cylindrical lens, Fresnel
lens or even flat glass, may be used to channel and focus the
light onto the substrate. A photochemical reaction occurring
between the incident light and the material cures or “dries™
the matenal.

However, these applications using light to cure the mate-
rials face an i1ssue. Any light that escapes/reflects/scatters
from the surface of the applied material into the dispenser
(e.g., ink dispensing apparatus), may prematurely cure the
material 1 the dispenser before 1t 1s applied to the target.
The inventors herein have recognized the potential 1ssue of
light reflecting back into the dispensing mechanism, and
have engineered a way to at least partially address the 1ssues
discussed above.

In one example, the 1ssue described above may be at least
partially addressed by a frame for holding an optic element
of a lighting system, comprising: a central, inner surface
formed along a length of the frame and adapted to receive
the optic element; first and second vertical sidewalls extend-
ing from a top surface to respective first and second bottom
surfaces of the frame, the first and second bottom surtfaces
positioned below an exterior, bottom surface of the optic
clement when the optic element 1s mounted to the inner
surface of the frame; and first and second angled surfaces,
cach angled from one of the first and second bottom surfaces
and inward toward the inner surface. In this way, light
reflecting off a workpiece and back toward the frame may be
contained within the frame, thereby reducing light scattering
to surrounding objects, including un-cured photo sensitive
material 1n a dispensing system.

As one example, a baflle or beam block may be used to
capture the light reflecting off the surface to be cured before
it reaches the dispenser. The baflle may have long and flat
sides extending along the frame holding the optics. Further
still, the baflle may be coated with black anodized materal
to further absorb the reflected light. In this way, light
reflected off the surface may be captured and absorbed by
the baflle surrounding the coupling optics. In another
example, the baflle may have additional grooves or rough
textured surfaces to further scatter the reflected light. The
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grooves may trap the reflected light, thus reducing the light
escaping into the surrounding medium. The bafile may be
turther integrated 1nto the window frame of the light source
itself, thus creating a compact package that can reduce light
reflected back towards the lighting system.

The present disclosure may provide several advantages.
In particular, the approach may offer a more consistent
curing method of photo sensitive material. In addition, by
reducing the amount of reflected light from a workpiece
upon which curing light 1s directed, 1t may further reduce the
curing ol unapplied photo reactive material, thus reducing
wastage and unwanted curing of the photosensitive material.

The above advantages and other advantages, and features
of the present description will be readily apparent from the
following detailed description when taken alone or 1n con-
nection with the accompanying drawings.

It should be understood that the summary above 1s pro-
vided to introduce 1n simplified form a selection of concepts
that are further described 1n the detailed description. It 1s not
meant to 1dentify key or essential features of the claimed
subject matter, the scope of which 1s defined uniquely by the
claims that follow the detailed description. Furthermore, the
claimed subject matter 1s not limited to implementations that
solve any disadvantages noted above or in any part of this
disclosure.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a schematic depiction of a lighting system
and associated coupling optics.

FIGS. 2A and 2B show a profile view of a standard frame
and optic of a lighting system with a specular media.

FIGS. 3A and 3B show schematic diagrams of two batlle
frame designs integrated with the coupling optics of a
lighting system.

FIG. 4 shows an 1sometric view of a baflle frame and a rod
lens of a lighting system.

FIGS. 5A and 5B show a profile view of the baflle frame
and optic of a lighting system with the specular media.

FIGS. 6A and 6B show profile views of the standard
frame and the batlle frame of a lighting system with a difluse
media.

FIGS. 7A and 7B show schematic diagram and partial
views ol an example frame design integrated with the
coupling optics of the lighting system

DETAILED DESCRIPTION

The present description i1s related to a lighting system
used to cure light curable matenals. FIG. 1 shows one
example lighting system typically used 1n printer and coat-
ing applications that includes a coupling optic for concen-
trating the incident light onto the applied light curable
material. In some embodiments, light may reflect off the
applied light curable matenial (e.g., workpiece upon which
the light curable material 1s deposited) and back into a
dispensing mechanism coupled to the lighting system. As a
result, light curable material within the dispensing mecha-
nism may cure before 1t 1s applied to the target (e.g.,
workpiece). The light reflecting back into the dispensing
mechanism when using a standard frame coupled to the
coupling optics of the lighting system 1s shown at FIGS.
2A-B. As one example, the retlected light may be reduced by
adding a baflle or beam block to the frame holding the
coupling optics, as shown i FIGS. 3A-B and in FIGS.
7A-B. An example baflle frame coupled to a rod lens of the

lighting system 1s shown in FIG. 4. The reduced light
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reflections when using the enhanced baflle frame and optic
1s shown 1 FIGS. 5A-B. FIGS. 6 A-B shows the effect of
using the baflle frame and a standard frame with the lighting
system for diffuse media cured by the lighting device. In this
way, by integrating a light blocking mechanism (such as a
batlle) with the coupling optics, reflected light entering the
dispensing mechanism may be captured and reduced,
thereby reducing premature curing of the unapplied light
curable materials.

Referring now to FIG. 1, a block diagram of a photo
reactive system 10 in accordance with the system described
herein 1s shown. In this example, the photo reactive system
10 comprises a lighting subsystem 100, a controller 108, a
power source 102, a cooling subsystem 18 and coupling
optics 30.

The lighting subsystem 100 may comprise a plurality of
light emitting devices 110. Light emitting devices 110 may
be LED devices, for example. Seclected light emitting
devices of the plurality of light emitting devices 110 are
implemented to provide radiant output 24. The radiant
output 24 1s directed to a workpiece 26 via coupling optics
30. In one example, the workpiece 26 may be a substrate
with a photosensitive material (or light curable material)
applied to 1t, and the light from the light emitting devices 110
may be concentrated onto the material, there by curing or
“drying” the material. The photo reactive system 10 may
additionally include a dispensing mechanism or dispenser
(not shown) for applying the photosensitive material on the
substrate, and the light output from the light emitting devices
110 directed onto the workpiece 26 may cure the applied
material. The coupling optics 30, may be variously imple-
mented. As an example, the coupling optics may include one
or more layers, materials or other structure interposed
between the light emitting devices 110 providing radiant
output 24 and the workpiece 26. As an example, the coupling
optics 30 may include a micro-lens array to enhance col-
lection, condensing, collimation or otherwise the quality or
cellective quantity of the radiant output 24. As another
example, the coupling optics 30 may include a micro-
reflector array. In employing such micro-reflector array, each
semiconductor device providing radiant output 24 may be
disposed 1n a respective micro-reflector, on a one-to-one
basis. As other examples, the coupling optics 30 may include
rod lens, cylindrical lens, Fresnel lens, flat glass, etc.

The coupling optics 30 may be employed for various
purposes. Example purposes include, among others, to pro-
tect the light emitting devices 110, to retain cooling fluid
associated with the cooling subsystem 18, to collect, con-
dense and/or collimate the radiant output 24, to collect,
direct or reject returned light or radiation 28, or for other
purposes, alone or in combination.

Typically, returned or retlected light 28 may be directed
back to the lighting subsystem 100 from the workpiece 26
(e.g., via reflection of the radiant output 24). However, the
reflected light 28 may interact with the material in the
dispenser, or with the surrounding photosensitive material
for example, and prematurely cure the photosensitive mate-
rial before it 1s even applied to the workpiece 26. An
example of reflected light interfering with photosensitive
material 1n a dispensing system 1s described further below
with reference to FIGS. 2A-B. Blocking or re-directing the
reflected light 28 such that 1t does not come 1nto contact with
the photosensitive material 1n the dispensing mechanism
may reduce premature curing of the photosensitive material
in the dispensing mechanism. As one example, incorporating
a baflle or beam block proximate to the coupling optics 30
to absorb, or block, the reflected light 28 may reduce the
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reflected light 28 directed towards the photosensitive mate-
rial. As an example, a baflle or beam block coupled to the
coupling optics 30 (e.g., a window frame of the light source)
may be used to capture the light reflecting off the workpiece
26. Examples of such a beam block are described further
below with reference to FIGS. 3-6.

Selected of the plurality of light emitting devices 110 may
be coupled to the controller 108 via coupling electronics 22,
so as to provide data to the controller 108. As described
turther below, the controller 108 may also be implemented
to control such data-providing semiconductor devices, e.g.,
via the coupling electronics 22.

The controller 108 preferably 1s also connected to, and 1s
implemented to control, each of the power source 102 and
the cooling subsystem 18. Moreover, the controller 108 may

receive data from power source 102 and cooling subsystem
18.

The data recerved by the controller 108 from one or more
of the power source 102, the cooling subsystem 18, the
lighting subsystem 100 may be of various types. As an
example, the data may be representative of one or more
characteristics associated with coupled semiconductor
devices 110, respectively. As another example, the data may
be representative of one or more characteristics associated
with the respective component 12, 102, 18 providing the
data. As still another example, the data may be representa-
tive of one or more characteristics associated with the
workpiece 26 (e.g., representative of the radiant output
energy or spectral component(s) directed to the workpiece).
Moreover, the data may be representative of some combi-
nation of these characteristics.

The controller 108, 1n receipt of any such data, may be
implemented to respond to that data. For example, respon-
sive to such data from any such component, the controller
108 may be implemented to control one or more of the
power source 102, cooling subsystem 18, and lighting
subsystem 100 (including one or more such coupled semi-
conductor devices). As an example, responsive to data from
the lighting subsystem indicating that the light energy 1s
insuilicient at one or more points associated with the work-
piece, the controller 108 may be implemented to either (a)
increase the power source’s supply of current and/or voltage
to one or more of the semiconductor devices 110, (b)
increase cooling of the lighting subsystem via the cooling
subsystem 18 (1.e., certain light emitting devices, 11 cooled,
provide greater radiant output), (¢) increase the time during
which the power 1s supplied to such devices, or (d) a
combination of the above.

Individual semiconductor devices 110 (e.g., LED devices)
of the lighting subsystem 100 may be controlled 1indepen-
dently by controller 108. For example, controller 108 may
control a first group of one or more 1individual LED devices
to emit light of a first intensity, wavelength, and the like,
while controlling a second group of one or more 1ndividual
LED devices to emit light of a different intensity, wave-
length, and the like. The first group of one or more 1ndi-
vidual LED devices may be within the same array of
semiconductor devices 110, or may be from more than one
array ol semiconductor devices 110. Arrays of semiconduc-
tor devices 110 may also be controlled independently by
controller 108 from other arrays of semiconductor devices
110 1n lighting subsystem 100 by controller 108. For
example, the semiconductor devices of a first array may be
controlled to emat light of a first intensity, wavelength, and
the like, while those of a second array may be controlled to
emit light of a second intensity, wavelength, and the like.
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The cooling subsystem 18 1s implemented to manage the
thermal behavior of the lighting subsystem 100. For
example, generally, the cooling subsystem 18 provides for
cooling of such subsystem 12 and, more specifically, the
semiconductor devices 110. The cooling subsystem 18 may
also be implemented to cool the workpiece 26 and/or the
space between the workpiece 26 and the photo reactive
system 10 (e.g., particularly, the lighting subsystem 100).
For example, cooling subsystem 18 may be an air or other
fluid (e.g., water) cooling system.

The photo reactive system 10 may be used for various
applications. Examples include, without limitation, curing
applications ranging from ink printing to the fabrication of
DVDs and lithography. Generally, the applications 1n which
the photo reactive system 10 1s employed have associated
parameters. That 1s, an application may include associated
operating parameters as follows: provision of one or more
levels of radiant power, at one or more wavelengths, applied
over one or more periods of time. In order to properly
accomplish the photoreaction associated with the applica-
tion, optical power may be delivered at or near the work-
piece at or above a one or more predetermined levels of one
or a plurality of these parameters (and/or for a certain time,
times or range of times).

In order to follow an intended application’s parameters,
the semiconductor devices 110 providing radiant output 24
may be operated 1n accordance with various characteristics
associated with the application’s parameters, e.g., tempera-
ture, spectral distribution and radiant power. At the same
time, the semiconductor devices 110 may have certain
operating specifications, which may be are associated with
the semiconductor devices’ fabrication and, among other
things, may be followed 1n order to preclude destruction
and/or forestall degradation of the devices. Other compo-
nents of the photo reactive system 10 may also have asso-
ciated operating specifications. These specifications may
include ranges (e.g., maximum and minimum) for operating
temperatures and applied, electrical power, among other
parameter specifications.

Accordingly, the photo reactive system 10 supports moni-
toring of the application’s parameters. In addition, the photo
reactive system 10 may provide for monitoring of semicon-
ductor devices 110, including their respective characteristics
and specifications. Moreover, the photo reactive system 10
may also provide for monitoring of selected other compo-
nents of the photo reactive system 10, including their
respective characteristics and specifications.

Providing such monitoring may enable vernfication of the
system’s proper operation so that operation of photo reactive
system 10 may be reliably evaluated. For example, the
system 10 may be operating in an undesirable way with
respect to one or more of the application’s parameters (e.g.,
temperature, radiant power, etc.), any components charac-
teristics associated with such parameters and/or any com-
ponent’s respective operating specifications. The provision
of monitoring may be responsive and carried out 1n accor-
dance with the data received by controller 108 by one or
more of the system’s components.

Monitoring may also support control of the system’s
operation. For example, a control strategy may be imple-
mented via the controller 108 receiving and being respon-
sive to data from one or more system components. This
control, as described above, may be implemented directly
(1.e., by controlling a component through control signals
directed to the component, based on data respecting that
components operation) or indirectly (1.e., by controlling a
component’s operation through control signals directed to
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adjust operation of other components). As an example, a
semiconductor device’s radiant output may be adjusted
indirectly through control signals directed to the power
source 102 that adjust power applied to the lighting subsys-
tem 100 and/or through control signals directed to the
cooling subsystem 18 that adjust cooling applied to the
lighting subsystem 100.

Control strategies may be employed to enable and/or
enhance the system’s proper operation and/or performance
of the application. In a more specific example, control may
also be employed to enable and/or enhance balance between
the array’s radiant output and its operating temperature, so
as, €.g., to preclude heating the semiconductor devices 110
or array ol semiconductor devices 110 beyond their speci-
fications while also directing radiant energy to the work-
piece 26 sullicient to properly complete the photoreaction(s)
of the application.

In some applications, high radiant power may be deliv-
cred to the workpiece 26. Accordingly, the subsystem 12
may be implemented using an array of light emitting semi-
conductor devices 110. For example, the subsystem 12 may
be implemented using a high-density, light emitting diode
(LED) array. Although LED arrays may be used and are
described 1n detail herein, it 1s understood that the semicon-
ductor devices 110, and array(s) of same, may be 1mple-
mented using other light emitting technologies without
departing from the principles of the description, examples of
other light emitting technologies include, without limitation,
organic LEDs, laser diodes, other semiconductor lasers.

The plurality of semiconductor devices 110 may be pro-
vided 1n the form of an array 20, or an array of arrays. The
array 20 may be implemented so that one or more, or most
of the semiconductor devices 110 are configured to provide
radiant output. At the same time, however, one or more of
the array’s semiconductor devices 110 are implemented so
as to provide for monitoring selected of the array’s charac-
teristics. The monitoring devices 36 may be selected from
among the devices 1n the array 20 and, for example, may
have the same structure as the other, emitting devices. For
example, the difference between emitting and monitoring
may be determined by the coupling electronics 22 associated
with the particular semiconductor device (e.g., in a basic
form, an LED array may have monitoring LEDs where the
coupling electronics provides a reverse current, and emitting
LEDs where the coupling electronics provides a forward
current).

As one example, a lighting system (such as the lighting
system 100 of FIG. 1) includes a frame (e.g., window frame)
holding one or more optics (e.g., coupling optics 30 shown
in FIG. 1) through which light 1s directed to a workpiece
surface. As described above, the workpiece surface may
have photosensitive material disposed thereon from a dis-
pensing mechanism. The dispensing mechanism containing
injectable photosensitive material may be positioned proxi-
mate to the frame of the lighting system. Referring to FIGS.
2A-B, a first profile view 200 and a second profile view 250
of a standard frame 204 mtegrated with a coupling optic
clement 202 1s shown. Specifically, FIG. 2A shows an optic
clement 202 mounted within the frame 204 and positioned
proximate to a dispensing mechanism containing photo
reactive material 212. FIG. 2B shows the specular interac-
tion between retlected light 28 retlected from the workpiece
26 and the photo reactive material 212.

As shown 1n view 200 of FIG. 2A, the optic element 202
shown 1s a rod lens. However, the optic element 202 may
alternatively include a cylindrical lens, a Fresnel lens, a flat
glass or any other coupling element, as described above with
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reference to coupling optics 30 1n FIG. 1. The frame 204 1s
integrated with the optic element 202 1n such a way that the
frame 204 supports the optic element 202. For example, the
optic element 202 may be mechanically coupled to and/or
mounted within the frame 204. The frame 204 may further
include a light source, such as light emitting devices 110.

The frame 204 has two vertical surfaces 214 and two
angled surfaces 206. The vertical surfaces 214 are arranged
substantially perpendicular to a workpiece 26 upon which
light from the light source (e.g., LEDs 110) and optic
clement 202 1s directed onto. The angled surfaces 206 are
angled mmward from the vertical surfaces 214 and toward the
optic element 202. Said another way, the angled surfaces 206
are angled outward from the optic element 202 and toward
the vertical surfaces 214. Light incident on the optic element
202 may be concentrated or focused onto the workpiece 26.
Photo reactive material 212 contained within a dispensing
mechanism may be applied or dispensed onto the workpiece
26. When the light focused by the optic element 202
(indicated by 24 1n FIG. 2B) 1s incident on the work-piece
26, the photo reactive material on the workpiece 26 may be
cured or dried.

However, as explained earlier, the light reflecting off the
surface may reflect back towards the light emitting device
and the photo reactive material within the dispensing mecha-
nism, as indicated by rays 28 1n FIG. 2B. The reflected light
or rays 28 may further interact with the photo reactive
material 212 1n the region closest to the lens (indicated as
region 208 in FIG. 2B). As a result, the photo reactive
material may be prematurely and non-uniformly cured.
Depending on the surface of the workpiece 26 and the type
of photo reactive material 212, the reflected light may be
specular or diffusive in nature. For example, ink on a smooth
surface such as mirrors may cause the specular reflections,
while 1nk on a rough surface such as clothing or paper may
cause diffuse reflections. In view 250, a specular interaction
between the reflected rays 28 and photo reactive material
212 1s shown. Thus, light reflected from the surface may
interact with the photo reactive material 1n region 208 and
cure the matenial even before 1t 1s applied to the target
workpiece 26. The unapplied and uncured photo reactive
material 212 1s indicated as region 209 in FIGS. 2A-B while
the unapplied but prematurely cured photo reactive material
(region 208) 1s indicated 1 yellow.

By modifying the frame 204 shown in FIGS. 2A-B, the
amount of light escaping back towards the light emitting
device and the photo reactive material 1n the dispenser may
be reduced. Example designs of lighting frames that reduce
light scatter to the dispensing mechanism are shown 1n the
schematic diagrams 300 and 350 of FIGS. 3A and 3B,
respectively. Schematic diagrams 300 and 350 show cross-
sectional end views of a lighting window frame and lens
assembly which may be included as part of a lighting
system, such as the lighting system shown in FIG. 1.

Turning first to FIG. 3A, schematic diagram 300 shows an
optic element 202 integrated with an enhanced baflle frame
304. The baflle frame or frame 304 1s designed to trap the
light reflecting off the workpiece which would otherwise
exit towards the batlle and the optic element 202 through the
angled surfaces 206, as shown in FIGS. 2A-B and indicated
by the dashed lines in FIG. 3A. The batlle frame 304 may be
an optic holder 1s further configured to receive and hold the
optic element 202. The optic element 202 shown 1 FIGS.
3A-B 1s a rod lens. However, the optic element 202 may
alternatively include a cylindrical lens, a Fresnel lens, a flat
glass or any other coupling element, as described above. The
batlle frame 304 1s integrated with the optic element 202 in
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such a way that the frame 204 supports optic element 202.
For example, the optic element 202 may be mechanically
coupled to and/or mounted within the baflle frame 304. As
shown 1n FIG. 3A, the baflle frame 304 includes a central,
inner surface 320 formed along a length of the frame that 1s
adapted to receive the optic element 202. For example, the
iner surface 320 1s a curved, concave (or recessed) surface
and the lens 1s cylindrical. As such, the inner surface may be
in face-sharing contact with an outer surface of the optic
element 202. In addition, the curvature of the inner surface
320 may be adaptively adjusted to match the curvature of the
optic element 202. In one example, for a rod lens of radius
R, the curvature of the inner surface 320 may be substan-
tially equal to the radius R of the rod lens. Further, the batile
frame 304 may be an open surface window frame allowing
light to pass from the light source to the optic element.
Alternately, the baflle frame 304 may include a light source,
such as light emitting devices 110.

The baflle frame 304 includes vertical sidewalls (e.g.,
vertical surfaces) 314 extending to a length L from a top
surface 306 on either side of the baflle frame 304. The
vertical sidewalls 314 are arranged substantially perpendicu-
lar to a workpiece 26 upon which light from the light source
(e.g., LEDs 110) and optic element 202 1s directed onto.
Herein, the workpiece 26 1s arranged along the Y-axis and
the vertical sidewalls 314 extend along the Z-axis. The
length L of each of the sidewalls 314 extends from the top
surface 306 of the batlle frame 304 to a point below a bottom
surface 322 of the optic element 202. By extending the
length of the vertical sidewalls 314 a distance below the
bottom surface of the optic element 202, the reflected light
28 (reflected from the photo sensitive materlal deposited
workpiece) may not escape to the surrounding medium (e.g.,
may not reach outside of an exterior surface of the bafile
frame).

The baflle frame 304 further includes bottom sidewalls
(e.g., bottom surfaces) 316 that are arranged horizontally
(along Y-axis, for example), 1n a direction perpendicular to
the vertical sidewalls 314. The vertical sidewalls 314 extend
from the top surface 306 to the bottom sidewalls 316,
wherein the bottom sidewalls 316 are positioned below the
bottom surface 322 of the optic element 202. Each of the
bottom sidewalls 316 extends horizontally to a length L,
(along Y-axis) between one of the vertical sidewalls 314 and
one ol two angled sidewalls 302. Each of the angled
sidewalls (e.g., angled surfaces) 302 1s angled (at an angle
a. with respect to the horizontal Y-axis, for example) from
the bottom sidewall 316 that it 1s coupled to and toward the
optic element 202. Said another way, the angled sidewalls
302 are angled partially vertically and extend inward toward
an interior of the baflle frame 304 and away from a bottom
surface of the bottom sidewalls 316 and the workpiece 26.
As such, the angle may be an acute or an obtuse angle,
measured with respect to the horizontal Y-axis and further
adjusted based on a shape of the optic element 202. For
example, the angle o 1n FIG. 3A 1s an acute angle ranging
between 0 and 90° (e.g., 0°<a<90°) with respect to the
horizontal Y-axis. When «¢=0°, for example, the angled
sidewalls 302 may be an extension of the bottom sidewalls
316. In such an example, the angled sidewall 302 may
extend up to the bottom surface 322 of the optic element
202. An example embodiment including an angled sidewall
angled at an angle that 1s obtuse with respect to the hori-
zontal Y-axis 1s shown in FIGS. 7A and 7B. Further, the
angled sidewalls 302 may be referred to as angled interior
surfaces of the baflle frame 304. Furthermore, the angled
sidewalls 302 may be angled partially vertically and extend
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inward towards the optic element 202. Comparing the
angled sidewalls 302 of the baflle frame 304 and the angled

surtaces 206 of the standard frame 204 shown in FIGS.
2A-B, the angled sidewalls 302 and the angled surfaces 206
extend outward from the optic element 202 in opposite
directions.

The angled sidewalls 302 of the batile frame 304 serve to
block the reflected rays 28 from escaping towards the
surrounding medium, thereby reducing the amount of light
exiting to the side of the lens assembly and around an
exterior surface of the baflle frame 304. The angled side-
walls are angled partially vertically and extend inward
toward the side of the coupling optic element along a
mid-section of the coupling optic element. For example, the
combination of the angled sidewalls 302 and the vertical
sidewalls 314 extending below the bottom surface of the
optic element 202 may capture more reflected rays 28 than
the frame shown in FIGS. 2A-B, thereby reducing the
amount ol light reaching the dispenser containing photo
sensitive material. For example, FIG. 3A shows a dashed
line indicating where the angled surface 206 of a standard
frame, such as the standard frame 204 shown in FIGS. 2A-B,
may be positioned. Thus, the baflle frame 304 includes
sufliciently more framing material extending below this
dashed line and mmward toward the optic element 202 than
the standard frame 204. Turnming to FIG. 3B, another
embodiment of the baflle frame 304 including a surface
treated angled sidewall 302 1s shown. Specifically, sche-
matic diagram 350 shows the angled sidewalls 302 including
grooves, or rough texturing, 352. As one example, as shown
in FIG. 3B, the angled sidewalls 302 include a plurality of
grooves or cutouts 352 extending from an outer surface of
cach of the angled sidewalls 302 and into an interior of the
batlle frame 304. As a non-limiting example, five equally
spaced rectangular grooves each of length L, 1s shown.
Various geometries and spacing ol the grooves may be
possible, including but not limited to cylindrical geometries,
V-shaped geometries, and the like. The grooves 352 may be
created by chemically or mechanically etching grooves on
the angled sidewall 302 of the baflle frame 304. For
example, the batile frame 304 may be machined using lasers
to generate grooves of rectangular patterns. Various geom-
etries of the grooves 352 may be manufactured in a number
of ways such as laser etching, scribing, chemical etching,
and the like. In another example, the angled sidewalls 302
may alternatively or additionally include surface texturing,
such as bumps, depressed surfaces, rough texturing, or the
like. The retlected light 28 incident on the grooves or rough
texturing may undergo additional scattering inside the
grooves/or at the rough texture, thereby reducing the amount
of light transmitted back into the surrounding medium and
outside of the baflle frame 304. Herein, the grooves 352 are
formed on the angled sidewalls 302. However, 1n other
example embodiments, the grooves may be formed on
bottom surfaces of the baflle frame as shown in FIGS. 7TA
and 7B.

Turning first to FIG. 7A, schematic diagram 700 shows an
optic element 704 integrated with an enhanced baflle frame
702. The baflle frame 702 may be an example of the baflle
frame 304 described earlier with reference to FIGS. 3-6. The
optic element 704 may be an example of the optic element
202 described with reference to FIGS. 3-6. The baflle frame
or frame 704 1s designed to trap the light reflecting off the
workpiece which would otherwise exit towards the batile
and the optic element 704. The baflle frame 702 may be an
optic holder 1s further configured to receive and hold the
optic element 704. The optic element 704 shown 1n FIGS.

10

15

20

25

30

35

40

45

50

55

60

65

10

7A and 7B include a polygonal cross-section. The baflle
frame 702 1s mtegrated with the optic element 704 1n such
a way that the frame 702 supports optic element 704. For
example, the optic element 704 may be mechanically
coupled to and/or mounted within the bafile frame 702. As
shown 1n FIG. 7A, the baflle frame 702 includes a central,
inner surface 714 formed along a length of the frame that 1s
adapted to receive the optic element 704. For example, the
inner surface 714 1s a flat surface extending along the
horizontal Y-axis. The optic element 704 1ncludes a trap-
ezoidal cross-section, and the 1nner surface 714 of the frame
702 1s parallel to a top outer surface of the optic element 704.
As such, the imner surface 714 may be 1n face-sharing
contact with the top outer surface of the optic element 704.
In addition, a length and width of the inner surface 714 may
be adaptively adjusted to match a length and width of the
optic element 704. In one example, for an optic element of
length 1 and width w, the length and width of the inner
surface 714 may be substantially equal to the length 1 and
width w of the optic element 704. Further, the baflle frame
702 may be an open surface window frame allowing light to
pass from the light source to the optic element. Alternately,
the batlle frame 702 may include a light source, such as light
emitting devices 110.

Similar to the baflle frame 304 of FIGS. 3A and 3B, the
baflle frame 704 includes vertical sidewalls (e.g., vertical
surfaces) 712 extending to a length L from a top surface 710
on either side of the baflle frame 702. The vertical sidewalls
712 are arranged substantially perpendicular to a workpiece
(not shown in FIG. 7A) upon which light from the light
source (e.g., LEDs 110) and optic element 704 1s directed
onto. Herein, the workpiece may be arranged along the
horizontal Y-axis and the vertical sidewalls 714 may extend
along the vertical Z-axis. The length L of each of the
sidewalls 712 extends from the top surface 710 of the batlle
frame 702 to bottom surfaces 706 of the batlle frame 702.
Herein, the bottom surface (or bottom sidewall) 706 of the
batile frame 702 may be arranged horizontally (along Y-axis,
for example), 1n a direction perpendicular to the vertical
sidewalls 712. Further, the bottom surface 706 may be at the
same level as a bottom surface 718 of the optic element 704.
In contrast the vertical sidewalls 206 (FIGS. 3A and 3B)
which extend bevond the bottom surface 322 of the optic
clement 202, the vertical sidewall 712 of bafile frame 702
extends up to (and not beyond) the bottom surface 718 of the
optic element 704. Each of the bottom sidewalls 706 extends
horizontally to a length L, (along Y-axis) between one of the
vertical sidewalls 712 and one of two angled sidewalls 716.
Each of the angled sidewalls (e.g., angled surfaces) 712 1s
angled (at an angle p with respect to the horizontal Y-axis,
for example) from the bottom sidewall 316 that 1t 1s coupled
to and toward the optic element 704. Herein, the angle f3 1s
an obtuse angle, ranging between 90° and 180° (e.g.,
90°<3<180°). For example, when (=90 °, the angled side-
wall 712 may be perpendicular to the bottom surface 706,
and further parallel to the vertical sidewall 712 of the baflle
frame 704. Said another way, the angled sidewalls 716 are
angled partially vertically and extend toward an interior of
the baflle frame 704 and away from the bottom surface 706
and the workpiece (not shown 1n FIG. 7A). Similar to angle
a. of FIG. 3A, the angle p may be adjusted based on a shape
of the optic element 704. In FIG. 7A, the angle 3 may be
about 100° with respect to the horizontal Y-axis, adjusted to
match the trapezoidal cross-section of the optic element 704.
Further, the angled sidewalls 716 may be referred to as
angled interior surfaces of the batlle frame 704.
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The angled sidewalls 716 of the baflle frame 702 serve to
block the reflected rays from escaping towards the surround-
ing medium, thereby reducing the amount of light exiting to
the side of the lens assembly and around an exterior surface
of the ballle frame 702. Thus, the baflle frame 702 includes
sufliciently more framing material than a standard frame

(such as standard frame 204 of FIG. 2A). Similar to FIG. 3B,
the baflle frame 702 may include including grooves, or
rough texturing 708. As opposed to being on the angled
surfaces as shown in FIG. 3B, the grooves and/or surface
texturing 708 may be formed on the bottom surfaces of the
baflle frame 702. As one example, the bottom sidewalls 706
may include a plurality of grooves or cutouts 708 extending,
from an outer surface of each of the bottom sidewalls 706
vertically into an interior of the baflle frame 702. As a
non-limiting example, eight equally spaced rectangular
grooves each of length [, formed on each of the bottom
sidewalls 706 1s shown. Various geometries and spacing of
the grooves may be possible, including but not limited to
cylindrical geometries, V-shaped geometries, and the like.
The grooves 708 may be created by chemically or mechani-
cally etching grooves on the bottom sidewall 708 of the
batile frame 702. For example, the baflle frame 702 may be
machined using lasers to generate grooves of rectangular
patterns. Various geometries of the grooves 708 may be
manufactured in a number of ways such as laser etching,
scribing, chemical etching, and the like. In another example,
the bottom sidewalls 706 may alternatively or additionally
include surface texturing, such as bumps, depressed sur-
faces, rough texturing, or the like. Reflected light incident on
the grooves or rough texturing may undergo additional
scattering inside the grooves/or at the rough texture, thereby
reducing the amount of light transmitted back into the
surrounding medium and outside of the baflle frame 702.
Herein, the grooves 708 may extend throughout the bottom
surface 708 of the batlle frame 702 as shown in FIG. 7B.
Turning to FIG. 7B, a partial non-limiting example side view
750 of the batlle frame 702 1s shown. The grooves 708 are
formed on the bottom sidewalls 706 of the batlle frame 702.
As such, the light may undergo additional scattering inside
and along the grooves 708. In one embodiment, the baflle
frame 702 may be coated with and/or comprised at least
partially or entirely of a matenial that absorbs light, thereby
turther reducing stray light reflections from escaping around
the baflle frame 702. In view 750, the planar sides of the
batlle frame 702 are black anodized to reduce light scattering,
by absorbing the reflected light. For example, each of the
vertical sidewalls 712, planar, bottom sidewalls 706, hori-
zontal top surface 710, and angled sidewalls 716 may be
coated or comprised entirely of the black anodized material.
Alternately, while the rest of the batlle 1s anodized black, the
bottom sidewalls 706 alone may be coated with a retlective
material to retflect the light rays back onto the workpiece
positioned below the batlle frame 712.

In another embodiment, the baflle frame 304 shown 1n
FIG. 3A may be coated with and/or comprised at least
partially or entirely of a matenial that absorbs light, thereby
turther reducing stray light reflections from escaping around
the baflle frame 304. FIG. 4 shows an 1sometric view of an
example baflle frame 304 with flat (e.g., relatively planar)
sides that are black anodized to reduce light scattering by
absorbing the reflected light. For example, each of the
vertical sidewalls 314, planar, bottom sidewalls 316, hori-
zontal top surface 306, and angled sidewalls 302 may be
coated or comprised entirely of the black anodized material.
Alternately, while the rest of the batlle 1s anodized black, the
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angled sidewalls 302 alone may be coated with a reflective
maternal to reflect the light rays 28 back onto the workpiece
26.

Thus, an example frame for holding an optic element of
a light system 1s shown. The frame comprises a central, inner
surface formed along a length of the frame and adapted to
receive the optic element, first and second vertical sidewalls
extending from a top surface to respective first and second
bottom surfaces of the frame, the first and second bottom
surfaces positioned below or 1n level with an exterior,
bottom surface of the optic element when the optic element
1s mounted to the inner surface of the frame, and first and
second angled surfaces, each angled from one of the first and
second bottom surfaces and inward toward the inner surface.
Additionally or alternatively, the first and second angled
surfaces may be interior surfaces of the frame. Additionally
or alternatively, wherein the first and second vertical side-
walls may be arranged perpendicular to a workpiece upon
which light from the optic element may be directed. Addi-
tionally or alternatively, the first and second bottom surfaces
may be arranged horizontally, 1n a direction perpendicular to
the vertical sidewalls and wherein each of the first and
second bottom surfaces may extend horizontally between
one of the first and second vertical sidewalls and one of the
first and second angled surfaces. Additionally or alterna-
tively, each of the bottom surfaces may extend horizontally
between one of the first and second vertical sidewalls and
one of the first and second angled sidewalls. Additionally or
alternatively, the inner surface may be a curved, concave
surface and the optic element may be cylindrical. Addition-
ally or alternatively, the optic element may be one of a
cylindrical lens, rod lens, a Fresnel lens, or flat glass.
Additionally or alternatively, the optic element may be a
coupling optic that directs radiant output from a plurality of
light emitting devices of the lighting system to a workpiece,
where the workpiece may be a substrate with a photosensi-
tive material applied to 1t. Additionally or alternatively, one
or more of the first and second angled surfaces may include
one or more grooves extending from an exterior surface of
the first and the second angled surfaces and into and interior
of the frame. Additionally or alternatively, one or more of
the first and second angled surfaces may include surtace
texturing. Additionally or alternatively, the frame may com-
prise a black anodized material. Additionally or alterna-
tively, one or more of the first and second vertical sidewalls,
the first and second bottom surfaces, and the first and second
angled surfaces may be coated with a black anodized
material.

Thus, an example optic holder of a lighting system,
comprises a top surface coupled to a light source, first and
a second bottom surface parallel to the top surface, first and
a second vertical sidewall extending from the top surface to
a respective one of the first and the second bottom surface,
first and a second angled surface extending from a respective
one of the first and the second bottom surface towards a
central recessed surface, the central recessed surface capable
of holding a rod lens, and wherein each of the first and the
second angled surface mclude one or more cutouts extend-
ing to a length mside the optic holder towards the respective
first and second vertical sidewall. Additionally or alterna-
tively, a radius of the central recessed surface may be
substantially equal to a radius of the rod lens.

Referring to FIGS. SA-B, a first profile view 500 and
second profile view 5350, showing retlected rays 28, of the
enhanced baflle frame integrated with a coupling optic
clement are shown. In view 500 of FIG. 5A, the optic
element 202 shown 1s a rod lens, however in alternate
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embodiments the optic element 202 may 1nclude a cylindri-
cal lens, a Fresnel lens, a tlat glass or any other coupling
clement as described with reference to coupling optics 30 1n
FIG. 1. The baflle frame 304 1s integrated onto an optic
clement 202 1n such a way that it supports the optic element
202 and a light source 110, as shown. As explained earlier,
the baflle frame 304 may be coupled to an exterior, top
surface of the coupling optic, the frame including vertical
sidewalls 314 extending to a point below an exterior, bottom
surface of the coupling optic and angled sidewalls angled
302 from the point and inward toward the coupling optic. As
such, the angled sidewalls 302 are angled inward toward a
side of the coupling optic element 202 along a mid-section
of the coupling optic element 202.

The light source 1s a light emitting device (such as
semiconductor devices 110) positioned above the batlle
frame 304 at a top open surface 306 of the baflle frame 304.
In one example, the top surface 306 may be include a
window capable of allowing light from the light emitting
device 110 to pass to the optic element 202. As explained
carlier with reference to FIG. 2, the incident light may be
concentrated or focused onto the workpiece 26. The photo
reactive material 212 applied or dispensed onto the work-
piece 26 may be cured or dried by focusing the incident light
onto the material. Herein, a dispenser mechanism containing
the photo reactive material 212 may be arranged proximate
to the batflle frame 304. However, as explained earlier, the
light reflecting ofl the surface may get reflected back
towards the light emitting device and the photo reactive
material, as indicated by rays 28 1n view 350 of FIG. 3B. The
reflected rays 28 interacting with the photo reactive matenal
in the region closest to the lens assembly (1indicated as region
208 1n FIG. 5B), may lead to premature and non-uniform
curing ol the photo reactive material in region 208, as
explained above with reference to FIG. 2. However, with the
enhanced baflle frame 304, most of the light reflected from
the surface gets trapped within an interior of the batlle frame
304. By comparing region 208 1n FIGS. 2B and 3B (or the
yellow regions of FIGS. 2B and 5B), 1t can be seen that the
enhanced bafile frame reduces the amount of light exiting
the frame. In one example, the enhanced bafile frame 304
may reduce the light reflected into the surrounding medium
by 66% when compared to the standard frame setting. As
explained earlier, the reflected light may be specular or
diffusive depending on the surface. While specular reflection
occurs when the surface i1s smooth, like a mirror {for
example, diffuse retlection occurs when the reflection occurs
on a rough surface. Diffuse reflections may further cause a
spread in the reflected light, thereby exposing a larger region
of the photo reactive to premature curing, as shown at FIGS.
6A-B.

Thus, an example lighting system 1s shown. The lighting
system comprises a light source, a coupling optic positioned
between the light source and a workpiece to be cured by
light from the light source, and a frame coupled to an
exterior, top surface of the coupling optic, the frame 1includ-
ing vertical siddewalls extending to a point below an exterior,
bottom surface of the coupling optic and angled sidewalls
angled from the point and inward toward the coupling optic.
Additionally or alternatively, the light source may be a light
emitting device and wherein the light source may be posi-
tioned above the frame, at a top, open surface of the frame,
the top, open surface of the frame being a window frame
allowing light to pass from the light source to the coupling
optic. Additionally or alternatively, the angled sidewalls may
be angled imnward toward a side of the coupling optic along
a mid-section of the coupling optic, the coupling optic
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including one or more of a rod lens, a cylindrical lens, a
Fresnel lens, or flat glass. Additionally or alternatively, the
frame further may comprise bottom sidewalls that extend
horizontally, in a direction perpendicular to the vertical
sidewalls, each sidewall of the bottoms sidewalls extending
from one of the vertical sidewalls to one of the angled
sidewalls. Additionally or alternatively, the frame may at
least partially comprise a black anodized material and
wherein one or more of the angled sidewalls may include
one or more of grooves extending from an exterior suriace
of the one of more angled sidewalls into an interior of the
frame and surface texturing. Additionally or alternatively,
the lighting system may further comprise a dispenser mecha-
nism containing photosensitive material arranged proximate
to the frame.

Turning to FIGS. 6 A-B, view 600 shows a profile view of
the standard frame with a diffuse media and view 650 shows
a profile view of a ballle frame with difluse media. The
diffuse retlections off the rough workpiece 26 may reflect
into the photo reactive material 602 by escaping through the
side of the standard frame 204, below the angled surfaces
206. This may cause photo reactive material in region 604 to
be cured before being applied to the workpiece. The unap-
plied and uncured photo reactive material 212 1s indicated as
region 606 in FIGS. 6 A-B while the unapplied but prema-
turely cured photo reactive material (region 208) 1s indicated
as region 604. The region 604 in FIG. 6 A may include
various levels of interaction between the reflected light and
the diffuse media. As an example, areas of region 604 that
are closer to the frame 204 may undergo more interaction,
while areas of region 604 that are further away from the
frame 204 may undergo lesser interaction. The shaded
region 606 indicates no interaction, for example. However,
with the enhanced baflle frame 304 i1ntegrated to the optic
clement 202, the reflected light may be trapped by the angled
sidewalls 302, as explained above with reference to FIGS.
3A-B, thereby reducing the amount of light escaping from
the batflle frame 304 and thus reducing the amount of photo
reactive material that 1s cured 1n region 604. This 1s shown
in view 6350. In one example, the enhanced baflle frame
reduces the amount of light exiting by 83% when compared
to the standard frame (e.g., compare the green/vellow
regions between FIGS. 6A and 6B).

In this way, by integrating the baflle frame to the con-
centrating optics, light reflected from the surface may be
further captured. The technical effect of reducing light
reflected from the surface 1s that the amount of light reflected
back into the print head may be reduced. In one example, the
batlle may have black anodized sides that can further absorb
the reflected light, thereby reducing the chance of the
escaping light prematurely curing the unapplied photo reac-
tive material.

The systems described above provide for a frame for
holding an optic element of a lighting system, comprising a
central, inner surface formed along a length of the frame and
adapted to receive the optic element, first and second vertical
sidewalls extending from a top surface to respective first and
second bottom surfaces of the frame, the first and second
bottom surfaces positioned below an exterior, bottom sur-
face of the optic element when the optic element 1s mounted
to the iner surface of the frame, and first and second angled
surfaces, each angled from one of the first and second
bottom surfaces extending partially vertically toward the
inner surtace. In a first example, the frame may additionally
or alternatively include wherein the first and second angled
surfaces may be interior surfaces of the frame. A second
example of the frame optionally includes the first example
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and further includes wherein the first and second vertical
sidewalls may be arranged perpendicular to a workpiece
upon which light from the optic element 1s directed. A third
example of the frame optionally includes one or more of the
first and the second examples, and further includes wherein
the first and second bottom surfaces may be arranged
horizontally, 1n a direction perpendicular to the wvertical
sidewalls and wherein each of the first and second bottom
surfaces may extend horizontally between one of the first
and second vertical sidewalls and one of the first and second
angled surfaces. A fourth example of the frame optionally
includes one or more of the first though the third examples,
and further includes wherein each of the bottom surfaces
may extend horizontally between one of the first and second
vertical sidewalls and one of the first and second angled
sidewalls. A fifth example of the frame optionally includes
one or more of the first though the fourth examples, and
turther includes wherein the mner surface may be a curved,
concave surface and the optic element may be cylindrical. A
sixth example of the frame optionally includes one or more
of the first though the fifth examples, and further includes
wherein the optic element may be a lens. A seventh example
of the frame optionally includes one or more of the first
though the sixth examples, and fturther includes wherein the
optic element may be one of a cylindrical lens, rod lens, a
Fresnel lens, or flat glass. An eighth example of the frame
optionally includes one or more of the first though the
seventh examples, and further includes wherein the optic
clement may be a coupling optic that may direct radiant
output from a plurality of light emitting devices of the
lighting system to a workpiece, where the workpiece may be
a substrate with a photosensitive material applied to it. A
ninth example of the frame optionally includes one or more
of the first though the eighth examples, and further includes
wherein one or more of the first and second angled surfaces
and the first and second bottom surfaces may include one or
more grooves, the one or more grooves extending from an
exterior surface of the first and second angled surfaces and
into and interior of the frame or extending from an exterior
surface of the first and second bottom surface and 1nto and
interior of the frame. A tenth example of the frame option-
ally includes one or more of the first though the ninth
examples, and further includes wherein one or more of the
first and second angled surfaces and the first and second
bottom surfaces may include surface texturing. An eleventh
example of the frame optionally includes one or more of the
first though the tenth examples, and further includes wherein
the frame may comprise a black anodized material. A twelith
example of the frame optionally includes one or more of the
first though the eleventh examples, and further includes
wherein one or more of the first and second vertical side-
walls, the first and second bottom surfaces, and the first and
second angled surfaces may be coated with a black anodized
material.

The systems described above also provide for a lighting
system, comprising a light source, a coupling optic posi-
tioned between the light source and a workpiece to be cured
by light from the light source, and a frame coupled to an
exterior, top surface of the coupling optic, the frame includ-
ing vertical sidewalls extending to a point below or 1n level
with an exterior, bottom surface of the coupling optic and
angled sidewalls angled from the point and partially verti-
cally toward the coupling optic. In a first example, the
lighting system may additionally or alternatively include
wherein the light source may be a light emitting device and
wherein the light source may be positioned above the frame,
at a top, open surface of the frame, the top, open surface of
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the frame being a window frame allowing light to pass from
the light source to the coupling optic. A second example of
the lighting system optionally includes the first example and
further includes wherein the angled sidewalls may be angled
inward toward a side of the coupling optic along a mid-
section of the coupling optic, the coupling optic including
one or more of a rod lens, a cylindrical lens, a Fresnel lens,
or flat glass. A third example of the lighting system option-
ally includes one or more of the first and the second
examples, and further includes wherein the frame may
turther comprise bottom sidewalls that extend horizontally,
in a direction perpendicular to the vertical sidewalls, each
sidewall of the bottoms sidewalls extending from one of the
vertical sidewalls to one of the angled sidewalls. A fourth
example of the lighting system optionally includes one or
more of the first though the third examples, and further
includes wherein the frame at least partially comprises a
black anodized material and wherein one or more of the
angled sidewalls and the bottom sidewalls may include one
or more ol grooves and surface texturing, the one or more
grooves extending from an exterior surface of the one of
more angled sidewalls into an interior of the frame or
extending from an exterior surface of the first and second
bottom surface and into and interior of the frame. A fifth
example of the lighting system optionally includes one or
more of the first though the fourth examples, further com-
prising a dispenser mechanism containing photosensitive
maternal arranged proximate to the frame.

The systems described above also provide for an optic
holder of a lighting system, comprising a top surface
coupled to a light source, first and a second bottom surface
parallel to the top surface, first and a second vertical sidewall
extending from the top surface to a respective one of the first
and the second bottom surface, first and a second angled
surface extending from a respective one of the first and the
second bottom surface towards a central recessed surface,
the central recessed surface capable of holding a rod lens,
and wherein each of the first and the second angled surface
include one or more cutouts extending to a length inside the
optic holder towards the respective first and second vertical
sidewall. In a first example, the optic holder may addition-
ally or alternatively include wherein a radius of the central
recessed surface may be substantially equal to a radius of the
rod lens.

Note that the example baflle frame embodiments and
optic assemblies 1included herein can be used with various
lighting system configurations.

This concludes the description. The reading of it by those
skilled 1n the art would bring to mind many alterations and
modifications without departing from the spirit and the
scope of the description. For example, lighting sources
producing different wavelengths of light may take advantage
of the present description.

The mvention claimed 1s:

1. A frame for holding an optic element of a lighting
system, comprising;:

a central, inner surface formed along a length of the frame
and adapted to recerve the optic element;

first and second vertical sidewalls extending from a top
surface to respective first and second bottom surfaces
of the frame, the first and second bottom surfaces
positioned below an exterior, bottom surface of the
optic element when the optic element 1s mounted to the
inner surface of the frame; and

first and second angled surfaces, each angled from one of
the first and second bottom surfaces extending partially
vertically toward the mnner surface.
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2. The frame of claim 1, wherein the first and second
angled surfaces are interior surfaces of the frame.

3. The frame of claim 1, wherein the first and second

vertical sidewalls are arranged perpendicular to a workpiece
upon which light from the optic element 1s directed. d

4. The frame of claam 1, wherein the first and second

bottom surfaces are arranged horizontally, in a direction
perpendicular to the vertical sidewalls.

5. The frame of claim 1, wherein each of the first and
second bottom surfaces extends horizontally between one of 10
the first and second vertical sidewalls and one of the first and
second angled surfaces.

6. The frame of claim 1, wherein the inner surface i1s a
curved, concave surface and the optic element 1s cylindrical.

7. The frame of claim 1, wherein the optic element 1s one
of a cylindrical lens, rod lens, a Fresnel lens, or flat glass.

8. The frame of claim 1, wherein the optic element 1s a
coupling optic that directs radiant output from a plurality of
light emitting devices of the lighting system to a workpiece,
where the workpiece 1s a substrate with a photosensitive
material applied to 1it.

9. The frame of claim 1, wherein one or more of the first
and second angled surfaces, and the first and second bottom
surfaces includes one or more grooves, one or more grooves
extending from an exterior surface of the first and second
angled surfaces and into an interior of the frame or extending
from an exterior surface of the first and second bottom
surface and 1nto and interior of the frame.
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10. The frame of claim 1, wherein one or more of the first
and second angled surfaces and the first and second bottom
surfaces ncludes surface texturing.

11. The frame of claim 1, wherein the frame comprises a
black anodized material.

12. The frame of claim 1, wherein one or more of the first
and second vertical sidewalls, the first and second bottom
surfaces, and the first and second angled surfaces are coated
with a black anodized matenial.

13. An optic holder of a lighting system, comprising:

a top surface coupled to a light source;

first and a second bottom surface parallel to the top

surface;

first and a second vertical sidewall extending from the top

surface to a respective one of the first and the second
bottom surface;

first and a second angled surface extending from a respec-

tive one of the first and the second bottom surface
towards a central recessed surface, the central recessed
surface capable of holding a rod lens, and wherein each
of the first and the second angled surface include one or
more cutouts extending to a length inside the optic
holder towards the respective first and second vertical
stidewall.

14. The optic holder of claim 13, wherein a radius of the
central recessed surface 1s substantially equal to a radius of
the rod lens.
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